Redox chemistry of oxo and nitrido Ru or Os complexes containing polypyridine, Schiff base, or porphyrin ligands has been extensively studied.
. Molecular structure of trans- [Ru III (depe)2Cl2] [PF6] in the crystals. Displacement ellipsoids are shown at the 50% probability level. Hydrogen atoms have been omitted for clarity.
Redox chemistry of oxo and nitrido Ru or Os complexes containing polypyridine, Schiff base, or porphyrin ligands has been extensively studied.
1 Especially the polypyridyl complexes of ruthenium have been known as excellent photosensizers in the use of photovoltaic cells based on nanocrystalline TiO2 films as well.
2 Multiple bonding with O and/or N atoms of the oxo/nitrido ligands bonded to the metal stabilizes oxidants and promotes the conversion of organic and inorganic substrates via electron transfer, oxygen or nitrogen atom transfer, hydride transfer, and proton-coupled electron transfer pathways. Many researchers have endeavored to find out other sources of chelating ligands. 3 We have been developed the synthetic chemistry of the reactive complexes of the diphosphine ligands coordinated to the ruthenium metal.
One of general methods for the preparation of reactive Ru-oxo complexes is using the oxidation of the corresponding Ru-aqua complexes, which can be obtained from the reaction of Ru-chloro complexes with Ag + in water. 1 We applied it to the synthesis of the Ru-dioxo complexes surrounded by the diphosphine ligands. [Ru II (dmpe) 2Cl2] and [Ru II (depe) 2Cl2] complexes were isolated by the reactions of [Ru(PPh3) 3Cl2] with dmpe (1,2-bis(dimethylphosphino)ethane) and depe (1,2-bis(diethylphosphino)ethane), respectively, in acetone under refluxing, then aquated the corresponding Ru-dichloro complexes by AgClO4 in H2O.
We tried to prepare Ru(II) diaqua complexes, which have been known as the precursor to lead to Ru-dioxo complexes, however it turned out to be unsuccessful.
Rather we happened to obtain a blue crystalline solid as a final product, which identified an unexpected species of trans- [Ru III (depe) 6 ] complex suitable for X-ray diffraction from the diffusion tube of acetone/water solution and to determine the crystal structure. + cation with atom labeling. The ruthenium atom is in six-coordinate with four phosphorous atoms in equatorial positions and two chlorine atoms trans each other. Due to the larger flexibility of the ethylene bridge and the less bulky substituents on the P-atoms, the coordination environment of the complex is slightly distorted from an octahedral environment.
Selected bond distances and angles shown in Table 1 indicate that mean Ru(III)-Cl distance is 2.34(4) Å and the bond angle formed by two chlorine and Ru atoms is linear with 178.0 (1) o . The Ru-P bond distance ranges from 2.40(2) to 2.42(1) Å. Cl-Ru-P(1) and Cl-Ru-P(2) bite angles of the diphosphine ligand with the central ruthenium metal in the complex are 88.88 (5) o and 90.40 (5) o , which shows slight shrinking compared to those in trans- [Ru II [Cl] and displays considerably shorter bond distances than those of cis-and trans- [Ru II (depe)2Cl2] complexes as expected. This is a consequence of the more shrinking size of the Ru(III) metal in comparison with the Ru(II) one. In contrast, the Ru-P bonds in Ru(III) complexes are longer than those in the related Ru(II) complexes. Ru-Cl bond distance of the five-coordinated Ru(II) cationic complex displays the average between those of the six-coordinated Ru(II) and Ru(III) complexes. 6 Even though we initially expected Ru(II) diaqua complexes as the products from the reaction of Ru(II) dichloro complexes with AgClO4 in water, it is not surprising to obtain the unusual Ru(III) dichloro complexes as the final products, considering that both trans- [Ru II (depe) 2Cl2] and cis- [Ru II (depe)2 Cl2] complexes exhibit chemically reversible one-electron oxidation to Ru(III) forms with low half-wave potentials around 0.14 to 0.25 V depending on the solvents used. 4, 7 However for the polypyridyl Ru(II) chloro system, once Ru(II) aqua complex was formed as a final product, it was not easy to be further oxidized by mild oxidant to give Ru(III) complex with relatively higher potential. 1a,1b The trans- [Ru III (dmpe) 10 Broad resonance peaks at 1.53, -10.85, -14.26, and -14.54 ppm for protons directly attached to phosphorous atom in the 1 H NMR spectrum were observed and confirmed the presence of paramagnetic complex. And the peaks at 114. 4, -8.6, and -23.6 ppm were also observed in the 13 C NMR spectrum. The 31 P NMR spectroscopy was used to identify the prepared ruthenium complexes. The 31 P NMR spectra for Ru(II) diphosphine complexes shows two well-resolved resonances at 59.0 and 47.4 ppm as triplet for a cis isomer and one resonance at 47.7 ppm as a singlet for a trans isomer. 11 The 31 P NMR spectrum of each Ru(III) complex displays one signal. Because the phosphorous atoms in the ligand are in the proximity to the paramagnetic Ru(III) center, the signal is not well resolved. The peak at 146 ppm is shown as sharp quintet, which corresponds to the phosphorous atom in the PF6 anion.
Although trans- [Ru III (dmpe)2Cl2][PF6] prepared by a method analogous to that used for trans- [Ru(depe)2Cl2] [PF6] except employing trans- [Ru(dmpe) 2Cl2] as a starting material has been identified, we have been unable to grow crystals suitable for X-ray analysis, because of its relative unstability in a diffusion tube compared to the depe analogue. 7 Attempts were also made to obtain cis- [Ru III (depe) 
Experimental Section
The phosphorous ligands dmpe and depe were obtained from Strem Chemicals Co. and [Ru(PPh3) 3Cl2] was synthesized by literature method. 4 Sealed ampoule acetone-d6 and benzened6 (99.9 atom % D) were obtained from the Aldrich. All other common reagents were ACS grade and were used without additional purification. All solvents were purified before use. Routine UV-Visible spectra were followed on a HP 8452A diode array spectrophotometer. FT IR spectra were obtained on a Bomen MB 100 spectrophotometer on KBr disc. ESR spectra were recorded with a Bruker ES 300E spectrometer. NMR spectra were collected on a JEOL 400 spectrometer. The chemical shift of 1 H and 13 C NMR spectra were presented in parts per million (δ) and referenced to tetramethylsilane (TMS) and 31 P NMR spectra to external 1% H3PO4 in D2O. Elemental analyses were performed by the analytical laboratory of Basic Science Institute of Korea.
Preparation of [Ru(depe)2Cl2].
A solution of depe (2.6 g, 12.6 mmol) in dry acetone (10 mL) was added to a suspension of [Ru(PPh 3 ) 3 Cl 2 ] (5.0 g, 5.2 mmol) in dry acetone (100 mL). The yellow solution was refluxed for 3 h and the residue was washed with hexane (2 × 10 mL) and dried under vacuum to give a bright yellow colored solid, which was recrystallized from acetone (2.26 g [Ru(depe) 2Cl2] (0.47 g, 0.80 mmol) in acetone/water (100 : 20 v/v) by dropwise. The reaction mixture was heated to reflux for 4 h, cooled to room temperature and filtered. To the filtrate was added saturated NH4PF6 to precipitate the products and filtered. The residue was washed with ether (2 × 10 mL) and dried at room temp to give a blue crystalline solid, which was recrystallized from acetone/water. Yield: 80%. Anal. Calc. for C20H48Cl2F6P5Ru : C, 32.9; H, 6.63. Found: C, 31.6; H, 6.26 . ESR (acetone) g1 = 3.18, g2 = 1.88, g3 = 1.57. 
